It is concluded that even after the first irreversible cellular differentiation which occurs at the blastocyst stage it is still possible to produce identical cattle twins by bisection of the Day-8 blastocyst.
Introduction
Micromanipulation experiments on cattle embryos have shown that the embryos, in spite of a great reduction in their cell number, are able to develop through early cleavage (Willadsen & Polge, 1981 ) and up to blastocyst formation . The simple bisection of fully compacted late morulae or early blastocysts allows the production of identical twins in routine embryo transplantation procedures in cattle.
However, methods of producing identical twins can only be fully exploited in association with techniques of cryopreservation which would permit transfer of each 'half of the same embryo at different times.
We have therefore tested the survival of blastocysts bisected on Day 8, the optimum stage of development for tolerating cryopreservation by current techniques . We have also examined development rate after the transfer of a monozygotic pair of 'half blastocysts or of a single 'half blastocyst into the horn ipsilateral to the corpus luteum.
Materials and Methods
The donor animals (heifers of mixed origin) had been induced to superovulate by the technique of Elsden, Nelson & Seidel (1978) (32 mg FSH given i.m. in decreasing doses over 5 days). The cycle of the recipient heifers was synchronized with that of the donor by two injections each of 500 ug cloprostenol (Estrumate: I.C.I. Ltd, Macclesfield, U.K.). Embryos were recovered non-surgically in phosphate-buffered saline solution (PBS: Whittingham, 1971) at Day 8 after oestrus using the method described by Ozil, Heyman & Cassou (1980) . Embryos were maintained at room temperature in B2 medium (Ménézo, 1976 Fig. 1 ). This micromanipulation system was developed from that used for post-compaction/pre-blastocyst bovine embryos . The (Willadsen, 1980 Fig. 11) . Analysis of the blood group for each couple of twins showed that the blood type formulae were identical. A third recipient delivered a single normal calf and the 4th delivered a normal calf and a globular mass of tissue (PL 2, Fig. 12 ), 10 cm in diameter and 220 g in weight. Such a formless mass has been called a fetal monster of the acardiacus amorphus type (Dunn, Lein & Kenney, 1967; Eldrige, 1980 showed that the bisection of a Day-8 cow blastocyst cannot be achieved by the method used for the Day-6-Day-7 morulae . Because of the development of very strong junctions between the cells by Day 8 (Massip et al., 1981 ) it is necessary to cut the blastocyst neatly. For this purpose we used an adjustable microscalpel to obtain a clean division of the blastocyst. The large number of 'half blastocysts that had a reconstituted cavity after 2 h in culture (79%) shows that healing and fluid accumulation in the blastocoele are very rapid. The intercellular adhesion of the trophoblast cells described by Daniel (1963) and the joining edge to edge of the trophoblast layer along each side of the microscalpel during the bisection are responsible for the trophoblast's ability to reconstitute continuity after bisection. Three of the 'half blastocysts in which the cavity had not reformed before transfer developed to normal fetuses. It might not, therefore, be necessary to test the viability in vitro of the bisected blastocysts before transfer.
In Group 1, the pregnancy rate (72-7%) and the incidence of twin pregnancies (50%) recorded at slaughter or at calving showed that it is possible to produce identical twins by blastocyst bisection and unilateral transfer of 'half blastocyst pairs to the uterine horn ipsilateral to the corpus luteum. These results are comparable with those obtained after bisection of Day-6-Day-7 morulae and unilateral transfer of 'half morulae pairs (64-2% pregnancy and 66-6% twinning rate ; Ozil et al., 1982) but below those reported by Willadsen, Lehn-Jensen, Fehilly & Newcomb (1981) after bilateral transfer of morulae bisected on Day 5 or 6 after 1 or 2 days of culture in ligated oviducts of anoestrous ewes (79% pregnancy rate, 90-9% twinning rate). The present study shows the survival ability of embryos produced by bisecting blastocysts after the differentiation of the inner cell mass and the trophoblast.
In this study we decided to transfer two 'half blastocysts into the ipsilateral horn for two reasons. Firstly, to examine the survival ability of each 'half of the same blastocyst when transferred in the same conditions and into the same uterine environment. Because both 'halves' of the pair are in the same environment it may be assumed that the failure of development of one of them in a pregnant recipient is not due to the quality of the egg or the recipient but only to the intrinsic ability of each 'half to survive after such bisection. In these conditions the survival rate was 12/16 (75%). The conditions in which the fetal monster (acardiacus amorphus) appeared exclude the possibility of an error at the time of fetilization as suggested by Williams (1950) and supports the hypothesis of Eldrige (1980) that such a monster "could have resulted from an identical twin originating from some cells which had already become partially differentiated and therefore lacked the ability to develop into a normally organized foetus". At the blastocyst stage the cells have been irreversibly differentiated (Gardner, 1971) and therefore the normal development of 'half blastocysts depends upon the proportion of inner cell mass and trophoblast cells in each 'half. The second reason for unilateral transfer was to transfer the 'half blastocyst pairs into the best physiological environment. It has been demonstrated (Heyman & Renard, 1978) that when a single embryo was transferred non-surgically to the ipsilateral horn of a recipient the survival rate was greater (51%) than when transferred non-surgically to the contralateral horn (36%). In the present study the risk of losing one or both embryos after unilateral transfer of the embryos (Rowson, Lawson & Moor, 1971 ) was avoided by transferring the 'half blastocyst pairs by the cervical route to the base of the ipsilateral horn. Newcomb, Christie & Rowson (1980) (Renard, Philippon & Ménézo, 1980) or the karyotype of one 'half while the other 'half is transferred. The occurrence of 2 female fetuses of equal weight and crown-rump size could have been due to a spatial reorganization of the inner cell mass at the time of bisection, leading to 2 inner cell masses in this 'half blastocyst or to a self division of the inner cell mass at a later stage, as has been shown by Corner (1955) .
It is evident from these results that the bisection of a blastocyst has to be very precise to allow a normal development of each half and bisection outside the zona seems more practicable and precise than the technique developed by Williams, Elsden & Seidel (1982) for early blastocysts on Day 7. This technique consisted of cutting through the zona pellucida and dividing the cell mass into two halves, one of which was then removed from that zona and placed into an evacuated zona.
The differences in the markings of the identical twins born (PL 2, Fig. 11 ) has been noted by others (Willadsen, 1979) . The confirmation of the monozygotic origin of these twins by the blood formulae shows that the distribution of the colour pigments in the skin is not entirely genetically controlled.
The present success rate of 51 % for the number of live fetuses at Day 42 was at least equal to the number of blastocysts used for bisection and greater than that reported for the transfer of nonbisected embryos (Renard, Ozil & Heyman, 1981) . This technique is simpler than that described by Willadsen (1979) , using early stage embryos. It allows the production of 6-8 'half embryo pairs in 1 h in routine conditions and doubles the efficiency of cervical transfer in cows. The method could be simplified further if the 'half blastocysts could survive without the protection of the zona pellucida.
These results show that it is possible to study directly the cryopreservation of 'half blastocysts without any period of in-vivo culture in an intermediate recipient before deep freezing as was described by Lehn-Jensen & Willadsen (1983) . In preliminary experiments we have obtained several pregnancies and 1 calf after the transfer of'half blastocysts which were deep frozen by the method described by Renard et al. (1982) immediately after bisection.
